The first attempt at constructing a comprehensive phylogeny of Nematoda using molecular phylogenetic methods utilized the nuclear small-subunit (SSU) ribosomal RNA (rRNA) gene to infer the relationships of 53 species (Blaxter et al., 1998) . This study produced a phylogenetic hypothesis that has been widely cited and used to examine issues such as the evolution of parasitism (Dorris et al., 1999) , morphological evolution (Zhang and Baldwin, 2001) , and the systematics and taxonomy of nematodes (De Ley and Blaxter, 2002) . Since the Blaxter et al. (1998) phylogeny was published, the number of near-complete or complete nematode SSU sequences in GenBank (Benson et al., 2004) has increased dramatically. This larger data set provides an opportunity to more broadly explore the phylogeny of nematodes and examine a critical issue that previous studies have given little attention: the effect of multiple sequence alignment on phylogenetic trees for Nematoda. Blaxter et al. (1998) created their alignment of 53 species by hand with respect to a secondary structure model (Ellis et al., 1986) . Ribosomal RNA secondary structure is being increasingly and successfully used to inform alignments and phylogenies (e.g. Kjer, 1995; Hickson et al., 2000; Goertzen et al., 2003; Xia et al., 2003; Kjer, 2004; Telford et al., 2005) , but for multiple alignments of numerous sequences, secondary structure methods cannot yet be fully implemented by computer programs. Wheeler (1999) and Lutzoni et al. (2000) independently suggested a method to recode alignment ambiguous characters (whether delimited by secondary structure or not) for inclusion in parsimony analyses. This recoding approach was combined with secondary structure information by Gillespie (2004) , who suggested dissecting rRNA molecules into pairing and nonpairing regions and assigning them to different classes upon recoding. Recent advances in software that incorporate structural information such as PHASE (Hudelot et al., 2003) and the doublet model of MrBayes (Huelsenbeck and Ronquist, 2001; Ronquist and Huelsenbeck, 2003) are also expanding opportunities to incorporate structural information into phylogenetic analyses. Despite these advances, the structural alignment of RNA remains challenging and time consuming for many datasets (Gardner et al., 2005) . Wheeler (1996) implemented an alternative approach, termed "direct optimization" or "optimization alignment," which optimizes an alignment and tree simultaneously (Sankoff et al., 1973; Sankoff, 1975; Kruskal, 1983; Sankoff and Cedergren, 1983) , in contrast to the more common separate steps of alignment followed by tree construction. This method, implemented in the program POY , uses a parsimonybased optimization procedure to produce a phylogenetic tree directly from nucleotide sequence data without constructing a traditional multiple sequence alignment. Direct optimization has been used to construct phylogenies for a variety of taxa (e.g. Damgaard et al., 2005; Bertelli and Giannini, 2005; Nishiguchi and Nair, 2003) , but has been criticized for not producing an alignment output that would allow, for example, detection of problematic 972 2006 SMYTHE ET AL.-NEMATODE SSU ALIGNMENT 973 sequences or examination of the contribution of ambiguously aligned sequences (Lutzoni et al., 2000) . These criticisms have been somewhat mitigated by the development of the "implied alignment" procedure by which the homologies implied by the direct optimization procedure can be extracted and represented as a traditional multiple alignment (Wheeler, 2003; Giribet, 2005) . However, the value of implied alignments has also been questioned because they do not represent the data from which the phylogeny was constructed (Kjer, 2004) .
A common alternative approach to secondary structure alignment or direct optimization is the use of a computer program that uses a mathematical algorithm to create an alignment by optimizing pattern-matching criteria. For example, the commonly used alignment program CLUSTAL W (Thompson et al., 1994 ) utilizes a distance tree to guide the progressive alignment of sequences. A recent comparison of multiple sequence alignment programs found CLUSTAL W to perform well when RNA sequence identity exceeded 50% to 60%, but below that identity structural information was required to improve accuracy (Gardner et al., 2005) . CLUSTAL W attempts to determine the optimal alignment according to user-input penalties for opening a gap (gap opening penalty, GOP) and for extending the length of a gap (gap extension penalty, GEP). Choice of gap penalites is essentially arbitrary as there is no analytical way to determine what value these penalties should be assigned (RinsmaMelchert, 1993) . DeSalle et al. (1994) suggested exploring multiple alignment space by employing an incremental series of alignment parameters to find appropriate alignment penalites for particular data sets. There is, however, no consensus on how to choose the optimal alignment from a series of different alignments. In this study we explore in detail the impact of using different CLUSTAL W alignment methodologies, including varying alignment parameters, on phylogenetic inference for Nematoda.
Regardless of the method of alignment construction, a common practice is to exclude ambiguously aligned regions from subsequent phylogenetic analysis (Gatesy et al., 1993; Castresana, 2000) . The justification for exclusion of characters is that certain alignment regions contain questionable statements of positional homology that may increase phylogenetic noise and provide support for spurious relationships (Gatesy et al., 1993; Wheeler, 1995) . Löytynoja and Milinkovitch (2001) excluded such regions from their analysis of deep eukaryote phylogeny. They noted that the more conserved regions remaining were less likely to be subject to artifactual results caused by fast-evolving sites that were potentially misaligned. In their study of Nematoda, Blaxter et al. (1998) examined an alternative alignment in which any position including a gap was removed and reported "nearly identical results" that did not change relationships among the deepest nodes in the nematode tree. Our study seeks to more rigorously scrutinize the effect of removing alignment ambiguous regions on tree inference for the nematode SSU rRNA data set. We aim to investigate if tree topologies for Nematoda are influenced by alignment parameter choice, and to assess which major groups of nematodes are reliably supported by the SSU data set.
We approach this investigation of alignment sensitivity by creating 10 multiple alignments ("full" alignments) of 191 nematode SSU sequences (plus outgroups), each with a different set of alignment parameters. Alignment ambiguous regions are removed from these alignments, creating 10 additional data sets ("reduced" alignments). The alignment ambiguous regions that were removed from each alignment are also used as data sets themselves, creating an additional 10 data sets ("culled" alignments). Phylogenetic analyses are performed on all 30 data sets, and the resulting trees are compared to each other by statistical methods. Through these tree comparisons, we examine the influence that different alignment parameters and the exclusion of ambiguous regions have on the resulting phylogenetic hypotheses.
MATERIALS AND METHODS

Alignment Construction
One hundred eighty complete or nearly complete (≥1640 base pairs) nematode SSU rDNA sequences were downloaded from GenBank, in addition to four outgroup taxa: a priapulid worm, Priapulus caudatus (Priapulida); a rotifer, Brachionus plicatilis (Rotifera); and two gordian worms, Chordodes morgani and Gordius aquaticus (Nematomorpha). The gordian worms are representatives of the sister group to Nematoda according to molecular phylogenies (Aguinaldo et al., 1997; Peterson and Eernisse, 2001 ). An additional 11 unpublished nematode sequences were included (All GenBank accession numbers in Appendix 1). These 191 taxa represent all known major lineages of nematodes, but taxon sampling is much more thorough for terrestrial and parasitic nematodes than for the more speciose marine and freshwater taxa. Alignments for these 195 taxa were created using the program CLUSTAL W 1.8 (Thompson et al., 1994 ) using a dual-processor Linux computer. Ten alignments were created with different GOP and GEP values using CLUSTAL W. These values were chosen to provide a range of absolute values and to vary the ratio between GOP and GEP values; GOP values ranged from 2 to 6 times the GEP values (Table 1) . These 10 alignments were termed "full" alignments, and analyses based on them used all sites without regard to potential alignment ambiguity.
The 10 full alignments were independently examined by eye using the alignment editor Se-Al v.2.0a11 (Rambaut, 1996) to assess which regions appeared to include ambiguously aligned sites. A sequence region was initially selected as ambiguously aligned if at least 30% of the taxa did not share the same nucleotide or gap state (Hillis and Dixon, 1991) . A block of sequence to be excluded was defined by expanding out in both directions from the ambiguously aligned region until reaching conserved flanking sequence defined by an invariant site, or a site containing only transition substitutions. We examined the only published secondary structural model for a nematode SSU rRNA (Ellis et al., 1986 ) and a secondary 1  4  2  14  2311  1336  975  2  6  2  9  2210  1384  826  3  8  2  10  2156  1265  891  4  10  2  9  2109  1259  850  5  12  2  10  2091  1209  882  6  20  10  10  1952  1181  771  7  30  10  11  1939  1224  715  8  40  10  9  1944  1234  710  9  50  10  9  1915  1220  695  10  60  10  10  1915  1143  772 structural model for Drosophila melanogaster (Cannonne et al., 2002) to assess the structural regions removed by our method. This method removed sites from both stems and loops, primarily from the variable regions V1-V7 (Ellis et al., 1986) , with the exception of V3 from which no sites were removed. Data sets excluding alignment ambiguous regions were termed "reduced" alignments; one such alignment was produced for each of the 10 "full" alignments. For each full alignment, the alignment ambiguous regions (excluded to create the reduced alignment) were used to create a third type of data set, the "culled" data set. Alignments are available from Tree-BASE (http://www.treebase.org).
Phylogenetic Analyses
Phylogenetic analyses were performed using PAUP* 4.0b10 (Swofford, 2003) on a multinode Linux AMD computer cluster, running a single analysis per computer processor. Heuristic maximum parsimony searches were performed using 1000 replicates of random taxon addition and tree bisection-reconnection branch swapping with a time limit of 30 s imposed on each additionsequence replicate. Fifty percent and 70% majority rule (MR) consensus trees were made from parsimony analyses of each of the 10 full, reduced, and culled alignments. Bootstrap analyses with parsimony inference were performed using 1000 replicates, each with 10 replicates of random taxon addition, tree bisection-reconnection branch swapping, a time limit of 30 s on each bootstrap replicate, and the "Multrees" option not in effect (saving only one tree per bootstrap replicate). Ten replicates of each bootstrap analysis were repeated, resulting in a total of 10,000 bootstrap trees that were subsequently pooled. For each of the 10 full, reduced, and culled alignments, bootstrap MR consensus trees (50% and 70%) were constructed from the pools of 10,000 bootstrap trees. To test whether differences in bootstrap results and consensus tree resolution between full and reduced alignments were due to the simple reduction of numbers of characters sampled, we performed "limited" bootstrap analyses. Limited bootstrap analyses limit the number of characters resampled in each replicate with the "Nchar = number of characters" command in PAUP*.
Limited bootstrap analyses were performed on all 10 full alignments wherein only the number of characters in the corresponding reduced alignment were sampled. Gaps were treated as missing data in all analyses. Neighborjoining (NJ) analyses were also performed on all full, reduced, and culled alignments in order to obtain fully dichotomous phylogenetic trees. These NJ analyses used the HKY85 DNA distance (Hasegawa et al., 1985) as that distance provided a relatively simple model, but one that allowed for unequal base frequencies and different transition versus transversion substitution rates.
Evaluating Tree Resolution
To quantitatively compare levels of resolution for parsimony trees and bootstrap parsimony trees, the mean consensus fork index (CFI) (Colless, 1980) was calculated for each analysis. CFI values range from 1 (completely resolved) to 0 (completely unresolved). The CFI (normalized for the number of taxa) is calculated in PAUP* with the "ConTree [tree list]/indices = yes" command. In order to calculate the CFI for each tree in a collection of trees (e.g., all most parsimonious trees), the consensus fork index was calculated for each individual tree with a script in the programming language Python 2.2 (van Rossum and Drake, 2001) that generated a series of ConTree commands for PAUP*. Another Python 2.2 script parsed the resulting sets of consensus indices. These Python 2.2 scripts, and all others used in this study, are available as supplemental material on the Systematic Biology website (http://systematicbiology.org). The CFI for each tree was determined, and the mean and standard deviation over all trees was calculated. The mean CFI for each bootstrap analysis, and the relationship between the mean CFI for trees from an alignment and the number of characters included in the analysis were also evaluated.
Evaluating Tree Topology Disparity
Comparisons Among Alignment Parameters.-To obtain numerical values for evaluating the topological similarity of trees from different alignments, the symmetric difference distance (SymD) tree comparison metric was used Foulds 1979, 1981) . In comparing two trees, the SymD measures the number of clades that are present on one tree but not the other. Therefore, more similar trees have lower SymD values, and more disparate trees have higher SymD values. The 10 majority rule (MR) consensus (50%) trees from the heuristic parsimony searches of each of the 10 full alignments were compared to each other by the SymD in PAUP*, creating a 10 × 10 matrix of 45 (unique) SymD values. The 10 MR consensus trees (50%) from the heuristic search of the 10 reduced alignments were also compared to each other by the SymD, as were the 10 MR consensus trees (50%) from the culled alignments. The 10 bootstrap MR consensus trees (50%) from the full alignments were compared to each other by the SymD, as were those from the reduced and culled alignments. The preceeding MR tree comparison by SymD was repeated for 70% MR consensus trees for the parsimony searches and for the bootstrap analysis of the full, reduced, and culled alignments. The 10 NJ trees from the full alignments were also used to calculate SymD matrices, as were those from the reduced and culled alignments. For each of these 10 SymD matrices, the mean and the standard deviation of the SymD values were calculated.
To evaluate whether MR consensus trees were mitigating differences among individual trees from different alignments, single most parsimonious trees from the parsimony analyses were also compared by the SymD in PAUP*. A script in Python 2.2 made a random choice of one tree from each of the 10 alignments. Those 10 trees were compared to each other by the SymD, creating a SymD matrix. This procedure was repeated 1000 times, randomly sampling trees, with replacement, from among the respective 10 full, reduced, and culled alignments. For each SymD matrix, the mean and standard deviation of the SymD values were calculated, and a grand mean (mean of means) and mean standard deviation were determined for all 1000 SymD matrices. Single bootstrap trees from the bootstrap analyses of the full, reduced, and culled alignments were compared to each other by the SymD in the same way.
To visualize and compare the tree space occupied by trees from the full, reduced, and culled alignments, we used the Tree Set Visualization (TSV) module (version 2.1) (Amenta and Klingner, 2002) of the evolutionary analysis software package Mesquite (Maddison and Maddison, 2004) . Tree Set Visualization compares sets of trees by the SymD and then uses multidimensional scaling (MDS; see Lingoes et al. [1979] ; Young and Hamer [1987] ; Borg and Groenen [1997] ) to create a twodimensional plot of those distance matrices. Each tree is represented by a point and the distortion of SymD values between pairs of trees and the screen distance is minimized. Sets of trees can be colored with an associated color score file. Hillis et al (2005) demonstrated several uses of TSV, including the comparison of trees from Bayesian versus bootstrap samples and the comparison of trees from single gene versus concatenated gene data sets. We used TSV to plot single most parsimonious trees from all 10 alignments in three separate analyses for the full, reduced, and culled alignments. Because these sets of trees had too many most parsimonious trees (e.g., 16,115 trees from all 10 full alignments) for TSV to compare (Nina Amenta, personal communication) we sampled 5000 random trees for TSV. A script in Python 2.2 randomly chose 500 trees, with replacement, from each of the 10 sets of alignment parameters. Those 5000 trees were visualized with TSV, and the sampling and visualization process was repeated 10 times to ensure that sampling produced similar visualizations.
The SymD tree distance matrices, from the comparison of MR consensus trees and the comparison of individual parsimony trees, were also tested for correlation with the alignment parameters. A significant correlation would indicate a relationship between the alignment parameter distances and symmetric difference distances calculated from the trees. Testing for this correlation was accomplished by first constructing a Manhattan (rectilinear) distance matrix representing the distances between the 10 sets of alignment parameters where the Table 2) . For example, alignment 1 (GOP = 4, GEP = 2) is most similar to alignment 2 (GOP = 6, GEP = 2), because these two alignments are separated by a Manhattan distance of 2. In contrast, alignments 1 (GOP = 4, GEP = 2) and 10 (GOP = 60, GEP = 10) are the most disparate alignments in our study, and are separated by a Manhattan distance of 64. The matrix of Manhattan distances of the alignment parameters was then tested for correlation with the SymD matrices by the Mantel test (Mantel, 1967; Mantel and Valand, 1970) , which was performed using the program zt version 1.0 (Bonnet and Van de Peer, 2002) using the "-e" (exact) option to calculate all possible permutations of elements in the matrix. The SymD matrices produced by comparison of MR consensus trees (parsimony and bootstrap) and NJ trees were each tested for correlation with the matrix of alignment parameter distances. For the matrices produced by the comparison of individual parsimony and bootstrap trees, a Python 2.2 script automated the input of matrices into zt. For example, each of the 1000 SymD matrices produced by the comparison of parsimony trees from all 10 full alignments were tested for correlation with the matrix of alignment parameters by the Mantel test. A mean r and P-value, over all 1000 tests, was calculated, and the number of times (out of 1000) the test was significant (P < 0.05) was determined. All 1000 SymD matrices from the comparison of parsimony trees from the reduced alignments were tested for significant correlation with the alignment parameters by the same procedure, as were the SymD matrices from the culled alignments. Symmetric difference distance matrices from the bootstrap analysis of the full, reduced, and culled alignments were similarly tested.
Comparisons Within Alignment Parameters.-To examine the topological differences among trees inferred using the same set of alignment parameters, trees were randomly chosen for comparison by the SymD tree distance metric. To compare trees from the full alignment for a particular set of alignment parameters with trees from the corresponding reduced alignment, a tree was randomly chosen from the full alignment and compared to 976 SYSTEMATIC BIOLOGY VOL. 55 a randomly chosen tree from the reduced alignment by the SymD. This process was repeated 1000 times, and an average and standard deviation of the SymD values were calculated for all 1000 comparisons. Similarly, two trees were randomly chosen from each full alignment for comparison by the SymD, and two trees were chosen from each reduced alignment and each culled alignment, with the process repeated 1000 times. These comparisons of trees (full versus full, full versus reduced, full versus culled, and all combinations thereof) were repeated for all 10 sets of alignment parameters.
RESULTS
Alignment Construction
Both the total number of characters and parsimony informative characters varied among each of the 10 sets of alignment parameters (Fig. 1 ). The full alignments showed the greatest range in total number of characters, from 1915 to 2311. The number of characters in the full alignments decreased with increasing GOP values (e.g., from alignments 1 to 5), but less so for the higher GEP of 10 (alignments 6 to 10). The total number of characters for the culled alignments also decreased with increasing FIGURE 1. Number of characters per alignment. See Table 1 for alignment parameters for each of the 10 alignments.
GOP values, but the number of parsimony informative characters did not. The number of characters in reduced alignments ranged from 1311 to 1143 and did not show a strong relationship with GOP as did the full alignments. For the full and reduced alignments, the number of parsimony informative characters was roughly half the total number of characters, whereas for the culled alignment, the proportion of parsimony informative characters was higher, ranging from 70% to 92%.
Tree Resolution
The mean CFI of individual parsimony bootstrap and parsimony trees for each of the 10 sets of alignment parameters are shown in Figure 2 . Mean CFI is a measure of the resolution among groups of trees. The CFI of the bootstrap trees and parsimony trees from the full alignments, and those from the limited bootstrap analysis, were nearly identical across alignment parameters (averaging 0.97, 0.97, and 0.95, respectively). The CFI of parsimony trees from the culled alignments were slightly higher than those of the full alignments, with a peak at alignment 6 due to a single, well resolved, most parsimonious tree being found (CFI = 0.98). The mean CFI of the individual bootstrap trees and parsimony trees from the Table 1 for alignment parameters for each of the 10 alignments. reduced alignments were considerably lower than those from the full and culled alignments (averaging 0.80 and 0.84, respectively). For reduced data sets, CFI values for bootstrap and parsimony trees also showed parallel patterns of variation according to the alignment parameters, tending to have lower CFI values in the middle ranges of the parameters such as GOP = 12, GEP = 2. CFI values were always lower for bootstrap trees when compared to parsimony trees for the same alignment parameters. For the parsimony trees, the variation in mean CFI between full and reduced data sets can be at least partly explained by variation in the number of parsimony informative characters; the mean CFI values showed a correlation with the number of parsimony informative characters of r = 0.76 (P = 0.01). This trend is also suggested for the variation in mean CFI among trees for the reduced data sets (compare Figs. 1 and 2 ).
Tree Topology Disparity
Comparisons Among Alignment Parameters.-The mean symmetric difference distance (SymD) values for MR (parsimony and bootstrap) consensus trees and NJ trees showed substantial variation and a marked disparity between full, reduced, and culled alignments (Table 3) . Majority-rule consensus trees, both 50% and 70%, from the culled alignments had more nonshared clades than MR trees from the full or reduced alignments. Overall, bootstrap MR consensus trees were more similar to each other than were parsimony MR consensus trees. For example, 50% bootstrap MR trees had fewer nonshared clades (SymD = 23.89 for full, 18.96 for reduced, and 28.93 for culled) than did parsimony trees (SymD = 71.33 for full, 57.22 for reduced, and 106.11 for culled) inferred from these 10 alignments. However, standard deviations for some of these parsimony MR SymD results were relatively high, and mean SymD values for parsimony MR trees (full, reduced, culled) nearly overlap when their standard deviations are considered. Trees representing culled alignments consistently showed the greatest SymD values within any comparison. The NJ trees from the culled alignments showed the greatest disparity among all comparisons, with a mean SymD = 114.31. The NJ trees from the reduced alignments showed an intermediate SymD value of 92.00 and NJ trees from the full alignments were most similar to each other with a mean SymD of 51.00. Neighbor-joining trees from the reduced alignments also showed the greatest standard 978 SYSTEMATIC BIOLOGY VOL. 55 When individual most parsimonious trees from the 10 alignments were compared, mean SymD values were slightly higher than those from the comparison of MR consensus trees (Table 4) . As for the MR consensus results, trees from the culled alignments were most dissimilar to each other, with mean SymD values of 116.23. Contrary to the results for bootstrap MR consensus trees, individual bootstrap trees were dramatically different from each other for the full, reduced, and culled align-TABLE 4. Tree topology disparity among alignments (individual most parsimonious trees and individual bootstrap trees). Symmetric difference (SymD) tree distance metric results for comparisons between individual most parsimonious trees and between individual bootstrap trees from 10 different sets of alignment parameters: Grand means are means of all SymD matrices for all alignments (full, reduced, or culled), and average standard deviation is an average of standard deviations for each matrix. Results of Mantel's test of correlation between SymD matrices and the Manhattan distance matrix of alignment parameters: mean r and P values for 1000 Mantel tests and standard deviations of those values, and number of times SymD matrices were significantly correlated with matrix of alignment parameters. (Table 4) . When individual most parsimonious trees were plotted in tree space with TSV, trees from the full alignments showed fairly tight clustering with respect to alignment and almost no overlap among trees from different alignments ( Figure 3A) . Trees from the reduced alignments were somewhat more scattered in tree space when plotted with TSV and showed considerable overlap among trees from some alignments (e.g., alignments 3, 4, and 6; Figure 3B ). Most culled alignments formed small, tight clusters according to alignment parameters with the exception of alignment 5 which showed a bimodal distribution of trees and alignment 6 which only resulted in a single most parsimonious tree ( Figure 3C ). Mantel's test of matrix correlation showed that differences among individual parsimony trees from the full alignments were frequently correlated with the differences among alignment parameters (Table 4) . For example, in trees from the 10 full alignments, 580 out of 1000 SymD matrices were significantly correlated with the Manhattan distance matrix of the alignment parameters. Differences among trees from the 10 culled alignments were correlated with the differences among alignment parameters nearly as frequently, with 403 out of 1000 SymD matrices significantly correlated. In contrast, only 230 of the 1000 SymD matrices from the reduced alignments were significantly correlated with the differences among alignment parameters. Results from the Mantel's tests on individual bootstrap trees showed intermediate correlation frequencies, with differences among individual bootstrap trees much less frequently correlated with the differences among alignment parameters than trees from the maximum parsimony analyses. Differences among bootstrap trees from the full alignments were more frequently correlated with the differences among alignment parameters than the reduced alignments, but not dramatically so (significant correlations for 144 out of 1000 matrices for the full alignments versus 88 out of 1000 for the reduced alignments). Differences among bootstrap trees from the culled alignments were most frequently correlated with the differences among alignment parameters, showing significant correlations 277/1000 times.
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SMYTHE ET AL.-NEMATODE SSU ALIGNMENT 979 FIGURE 3. Visualization using MDS of the tree space occupied by the trees from 10 sets of alignment parameters used in this study. Random samples of 5,000 trees were taken from pools of all most parsimonious trees from all 10 full (A), reduced (B) and culled (C) alignments. See Table  1 for the alignment parameters for each alignment. Trees were compared using the symmetric difference distance.
Mantel's test indicated that the 50% MR consensus trees from the parsimony analysis of the full alignments were significantly correlated with the alignment parameters; tests of correlation between the SymD matrix and the matrix of the alignment parameters (Table 2) showed a significant correlation (Table 3) for the full alignments (P = 0.002) but no significant correlation for the reduced alignments (P = 0.063). For 70% MR consensus trees from the parsimony analysis, differences among trees from both the full and reduced alignments were significantly correlated with the differences among alignment parameters (P = 0.035 and P = 0.041, respectively) ( Table 3) . Differences among majority rule consensus trees (50% and 70%) from the culled alignments were not correlated with the differences among alignment parameters. The SymD between bootstrap MR consensus trees showed a strongly significant correlation (Mantel's test) with distances between alignment parameters for the full and culled alignments as well as the limited bootstrap analysis (P < 0.001, r > 0.5, results of limited bootstrap not shown). The SymD matrix for 50% bootstrap MR consensus trees from the reduced alignments and the distances between alignment parameters showed a significant correlation (P = 0.043), but the correlation was considerably weaker than for the full, culled, and limited analyses (r = 0.282). The SymD for 70% bootstrap MR consensus trees from the full, reduced, and culled alignments were all strongly correlated with the differences among alignment parameters. Results from Mantel's test for the NJ trees revealed that full and culled alignments were significantly correlated with differences among alignment parameters (P = 0.014 and 0.000 respectively) but reduced alignments were not (P = 0.247) ( Table 3) .
Comparisons Within Alignment Parameters.-Within each set of alignment parameters, individual most parsimonious trees were compared to each other by the SymD (Fig. 4) . Trees from each full alignment were always quite different from those of their corresponding reduced alignment; mean SymD values ranged from 137 to 162 and standard deviations were low (results not shown). The greatest SymD disparity was seen in trees from the reduced alignments compared to trees from the corresponding culled alignments (Fig. 4, reduced versus  culled) . These SymD values are twice those seen in comparing trees across alignment parameters (Tables 3 and  4 ) within a data set type (full, reduced, or culled). For a given set of alignment parameters, trees from the full alignment showed a low level of disparity overall (mean Table 1 for alignment parameters for each of the 10 alignments.
SymD ranging from 15 to 39) but with considerable variation (standard deviations ranging from 7 to 21). Trees from the reduced and culled alignments showed a similarly low level of disparity and high variation.
Summarizing Phylogenetic Results
To summarize phylogenetic hypotheses for full data sets, we pooled all equally parsimonious trees from all 10 full alignments into a single MR (50%) consensus tree. To produce an assessment of relative clade reliability for this MR consensus tree, the same procedure was performed for bootstrap trees; 100,000 bootstrap trees from all 10 full alignments were combined into a single bootstrap MR (50%) consensus tree. Bootstrap support values from this tree were placed on clades of interest on the 50% majority rule parsimony consensus tree. Majority-rule consensus parsimony trees and bootstrap MR consensus trees were constructed in the same way for the reduced and culled analyses.
The 50% MR consensus tree of all 16,115 parsimony trees from the 10 full alignments (Figs. 5 to 7) had a CFI of 0.854 and 102 clades with at least 70% bootstrap support (bootstrap trees not shown). The 50% MR consensus tree of all 140,352 parsimony trees from the 10 reduced alignments (online figures, Appendices A to C; available at http://systematicbiology.org) had a CFI of 0.719 and 69 clades with at least 70% bootstrap support. The 50% MR consensus tree of all 9,522 parsimony trees from the 10 culled alignments (online figures, Appendices D to F) had a CFI of 0.849 and 81 clades with at least 70% bootstrap support. This tree showed good resolution among tip taxa and within many clades, but the relationships among major clades were considerably less well resolved compared to trees from the full and reduced analyses.
DISCUSSION
The problem of how to treat regions of multiple sequence alignments with questionable homologies is one that has plagued molecular systematists for years. Lee (2001) reviewed many approaches to this problem, and suggested that the most common approach is to discard those regions before analysis. Gatesy et al. (1993) suggested that the discussion of character removal from alignments should be part of the concept of "total evidence" (Kluge, 1989) . Lecointre and Deleporte (2005) recently considered the philosophy of excluding misleading data in a total evidence context but made no mention of potentially misleading alignment regions. Recent studies claiming to take a "total evidence" approach have both included (Nadler and McLennan, 2004) and excluded (Tekle et al., 2005) alignment ambiguous sites. The quality of the excluded data has been an important factor in determining whether data is misleading or informative. Some have considered alignment ambiguous regions to be essentially devoid of phylogenetic information (e.g., Castresana [2000] ) whereas others have considered gapped regions to be useful at lower taxonomic levels (Kawakita et al., 2003) . Our study suggests that alignment ambiguous regions contain considerable phylogenetic information, especially for resolving lower-level relationships, but that these data also produce the most topologically diverse trees among comparisons of different alignment parameters.
There are several alternatives to the options of including all aligned sites in the analysis versus removing all (Löytynoja and Milinkovitch, 2003) offer the possibility of using posterior probabilities of sites as weights for phylogenetic analyses. Another approach is to recode ambiguous regions as additional character information for analyses (Wheeler, 1999; Lutzoni et al., 2000; Gillespie, 2004) , and although the program POY was designed for these types of analyses, this approach has been criticized (Lee, 2001) as creating an impractical number of characters. A more substantial problem with recoded alignments is that these data cannot currently be used for nucleotide-based maximum likelihood analyses. Another approach involves the analysis of many different alignments created by different alignment parameters. These multiple data sets can be concatenated into what Wheeler (1995) termed an "elision" alignment, effectively giving greater weight to regions that align identically across alignments and less weight to ambiguous regions that differ across alignments (Thornton and DeSalle, 2000) . Lutzoni et al. (2000) criticized the elision approach for several reasons, the most fundamental of which, assigning multiple homologies to the same site, was also noted by Wheeler (1995) . Multiple data sets produced by different sets of alignment parameters can also be analyzed separately, in what Lee (2001) termed the "multiple analysis method." In this approach, only those relationships found in a consensus of trees from the different alignments are accepted. Difficulties with this approach include the increased time required for data analysis, choosing the range of alignment parameters to explore, and a likely loss of resolution in producing a consensus of possibly quite disparate trees. This multiple analysis method has been considered "the most feasible approach" to the problem of ambiguously aligned regions (Lee, 2001 ), and we consider it a conservative way to examine relationships supported by a data set (see below, "Implications for Nematode Phylogeny"). Herein we have further explored this approach by generating 10 different alignments from different parameters and examining the effect of including, excluding, and separately analyzing alignment ambiguous SSU data with respect to sensitivity to alignment parameter variation, and levels of tree resolution.
Effects of Alignment Parameters on Tree Topology
Alignment parameter choice for the nematode SSU rDNA data set has several important effects on the resulting alignment. Lower, more permissive gap penalties allow the introduction of more (and longer) gaps, creating alignments with more characters. Hickson et al. (2000) suggested that lower gap costs are better as they result in alignments that are more consistent with secondary structure. For this SSU data set, a GEP of 2 was relatively permissive and allowed each gap opening to expand freely. This result is apparent in the dramatic influence of the GOP values on alignment length for alignments 1 to 5, which had a GEP of 2. As expected, a GEP of 10 caused a relative reduction in the expansion of gaps and this is reflected by a more gradual decrease in the length of these alignments (6 to 10) with increasing GOP values. Morrison and Ellis (1997) showed a similar pattern of shorter alignments with increased gap penalties for SSU sequences of apicomplexan protozoa. The choice of alignment parameters did not, however, noticeably change the number of parsimony informative characters, as these remained approximately constant across alignments.
Tree resolution was affected by parameter choice only for the reduced alignments. Both parsimony bootstrap and parsimony MR consensus trees from the reduced alignments were considerably less resolved than trees from the full alignments, which remained essentially equally well-resolved across alignment parameters. Bootstrap values (and therefore resolution in bootstrap MR consensus trees) have been shown to be correlated with the number of characters included in an analysis (Felsenstein, 1985) . Our limited bootstrap analysis addressed this issue by resampling fewer characters and comparing this result to the corresponding reduced alignment. Because trees from our limited bootstrap analyses were only slightly less resolved than those from the full alignments (Fig. 2) , we conclude that the more dramatic drop in resolution of the trees from the reduced alignments is not due to the simple reduction in number of characters. Instead, the decreased resolution is due to the selective removal of alignment ambiguous characters, which are in highly variable regions containing many parsimony-informative sites. This decrease in resolution has been reported for other data sets (Gatesy et al., 1993; Castresana, 2000) , and Castresana (2000) primarily attributed the decreased resolution to the loss of many informative characters. Our study showed that the number of parsimony-informative characters explained a significant portion of the variation in resolution of parsimony trees (r = 0.76), providing some statistical support for this explanation.
More noteworthy than their impact on tree resolution, is that alignment parameters influence tree topology in the nematode SSU rRNA data set. Trees from this study were too large for comparison by mere visual inspection, so a tree comparison metric had to be used. The symmetric difference distance (SymD) is the most commonly used tree distance metric. It is easy to calculate and may be used for trees that are not fully resolved. Its primary drawback is its sensitivity; trees that vary only by the different placement of a single terminal taxon can have a very high SymD value when compared (Swofford, 1991) . SymD is also sensitive to differences in resolution in the trees being compared, as the distance can be inflated by better-resolved trees containing clades not present in compatible but less-resolved trees. This disparity in resolution could explain the high SymD values resulting from the within-alignment comparisons of trees from the reduced versus culled and full versus reduced analyses (Fig. 4) , as trees from the reduced analysis had considerably lower resolution than those from the culled or full analyses (Fig. 2) . However, inflation of the SymD due to differences in resolution may not account for all SymD disparity, as trees from the full versus 2006 SMYTHE ET AL.-NEMATODE SSU ALIGNMENT 985 culled within-alignment comparison showed intermediate levels of tree topology disparity despite similar levels of resolution (Figs. 2 and 4) . In addition, SymD results based on comparison of majority rule consensus trees are not as simple to interpret as SymD comparisons of individual trees, because topological differences among trees can be mitigated by the consensus building process. Majority-rule consensus parsimony trees were more similar to each other than individual parsimony trees, especially for the reduced data sets (e.g., SymD of 57.22 for reduced 50% MR consensus versus 85.79 for individual reduced). This difference between the similarity of MR consensus trees and individual most parsimonious trees reflects the topological differences lost in the consensus building process. Individual bootstrap trees showed the greatest disparity (highest SymD values) due to topological variation introduced by the resampling process. Bootstrap MR consensus trees, in contrast, were very similar to each other, with SymD values as low as 6.0 for the 70% consensus in the full analysis. These trees likely are quite similar due to their low level of resolution (trees not shown), with relatively few clades to differ among trees.
The exploration of tree space with TSV provides visual evidence of the disparity among trees from different alignment parameters. Single most parsimonious trees from the full alignments showed clustering by alignment parameters with almost no overlap. The reduced alignments, from which alignment ambiguous regions had been removed, produced a very different TSV visualization with trees from different alignments overlapping considerably. This overlapping in tree space suggests that the alignment ambiguous regions removed by the culling process were indeed strongly influencing tree topology, as their absence in the reduced alignments produced more similar trees. Culled alignments, consisting entirely of regions judged to be alignment ambiguous, produced trees that were most tightly clustered in tree space and therefore most disparate. The visualization of the trees from the culled alignments dramatically demonstrates the influence of the alignment parameters on resultant tree topology.
Although the actual values of the symmetric difference distance can be hard to interpret, their correlation with the Manhattan distances between alignment parameters in this study is telling. Differences among individual most parsimonious trees from the full alignments were frequently (580/1000) correlated with the differences among alignment parameters, whereas differences among individual most parsimonious trees from the reduced alignments were only significantly correlated with the differences among alignment parameters 230 out of 1000 times. Differences among individual trees from the culled alignments were significantly correlated with the differences among the alignment parameters nearly as often as those from the full alignments, 403 out of 1000 times. This result provides a clear indication that the topology of the inferred trees is shaped by the alignment parameters chosen. That individual trees from the reduced alignments were less frequently correlated with the alignment parameters suggests that the culling process was selectively removing characters more subject to the influence of different alignment parameters. This suggests that regions deemed "alignment ambiguous" contained a substantial proportion of informative sites that were "plastic," with homology statements shaped by parameter choice, and the comparatively high SymD values for individual culled parsimony and bootstrap trees is also consistent with this view. These SymD values are not likely to be subject to inflation due to differences in resolution, as these comparisons are across alignment parameters and within full, reduced, or culled data sets, where little disparity in resolution was seen (Fig. 2) . These ambiguous regions alone (culled alignments) were also frequently correlated with the alignment parameters. However, majority-rule consensus trees revealed that culling did not entirely eliminate sites correlated with alignment parameters. Differences among 50% MR consensus trees from the full alignment MP analyses were strongly correlated with the differences among alignment parameters (r = 0.516), trees from the reduced analyses showed a level of correlation (r = 0.281) that was just less than significant (p = 0.063), and consensus trees from the culled alignments were not correlated with the alignment parameters (r = 0.129). For 70% MR consensus trees from the MP analysis, differences among trees from both the full and reduced analyses were significantly correlated with the differences among alignment parameters, but differences among trees from the culled analyses were not. As fewer individual most parsimonious trees from the reduced alignments were correlated with the alignment parameters (e.g., 230 out of 1000 tested), it seems likely that the clades remaining in consensus tree comparisons may amplify repeated "plastic" homology statements. Differences among neighbor-joining trees (fully resolved) from the full and culled alignments were significantly correlated with the differences among alignment parameters, whereas the NJ tree from the reduced alignment was not, lending additional support to the idea that majority-rule consensus tree construction and lack of resolution are masking correlations with alignment parameters. Consensus trees have been criticized for several reasons, including their potential contradiction of the most parsimonious tree (Barrett et al., 1991) and their possible loss of relationships found in all input trees (Steel et al., 2000) . Although the majorityrule consensus tree is the median tree in a collection of trees (Barthélemy and McMorris, 1986) , these empirical results suggest that the use of median trees for estimation of SymD in a collection of trees is problematic.
Although the sites that we judged alignment ambiguous were potentially misleading due to their being particularly influenced by the alignment parameters, these sites did contain phylogenetic information. Trees produced from these data (culled alignments) generally showed the same relationships among terminal taxa as did trees from analyses using all sites (full alignments) and analyses excluding alignment ambiguous regions (reduced analyses). Although the data that we considered alignment ambiguous were phylogenetically informative and generally congruent with other SSU characters, these data did not adequately support relationships among the major clades. The major clades 986 SYSTEMATIC BIOLOGY VOL. 55
representing the "backbone" of the tree were more poorly resolved by the culled data set than by the full data set.
Our study has shown that the choice of alignment parameters influences inferred tree topology for the nematode SSU data set. Symmetric difference distance comparisons showed that trees from full data sets, inferred using parsimony and distance methods, are often correlated with alignment parameters. A tree inferred from any particular full alignment will clearly be biased by alignment parameter choice. When no single alignment can be rationally chosen over others, pooling trees from multiple sets of alignment parameters is one approach that has been used commonly (Morrison and Ellis, 1997; Sanchis et al., 2001) . Although nothing from the statistical analyses in this study directly supports the pooling of trees, it seems a justifiable empirical response to the knowledge that any single alignment is likely to be biased by the alignment parameters. Pooling trees from several different alignments serves to sample alignment space and can produce well-resolved trees. One difficulty with this approach, however, is that it is unclear what amount of alignment space is appropriate to explore. Kjer (1995 Kjer ( , 2004 has argued that exploring alignment space with fixed gap costs (e.g., "sensitivity analysis" [Wheeler, 1995] ) is flawed because different regions of the same molecule have varying probabilities of insertion and deletions, requiring different gap costs. Given the complex secondary structures of rRNA molecules, this criticism is likely to be warranted, and future exploration of alignment parameters and gap costs should consider the diverse nature of portions of rRNA molecules.
Regions of multiple alignments that include empirically questionable statements of positional homology have often been excluded from phylogenetic analyses. In our study, most individual trees from reduced data sets TABLE 5. Summary of key differences and similarities between the topological results of Blaxter et al. (1998) were no longer correlated with the alignment parameters, and the TSV visualization showed them to be less clustered with alignment parameters. However, even the removal of characters judged "alignment ambiguous" by eye (approximately 50% of SSU characters) cannot entirely eliminate the pervasive influence of the alignment parameters. Comparison of individual most parsimonious trees by SymD reflects this result as the full alignments had the greatest number of significantly correlated comparisons, followed by the culled alignments, with the reduced data sets having the smallest number of correlated comparisons. The use of a reduced data set does result in a loss of resolution, relative to both individual full alignments and a pool of several full alignments. When the highest levels of resolution are critical for resolving a particular phylogenetic question, such studies may benefit from pooling trees from multiple sets of alignment parameters rather than removing alignment ambiguous characters. The generality of these findings beyond nematode 18S rDNA should be explored with data sets using different loci and taxa.
Implications for Nematode Phylogeny Nematodes have traditionally been divided into two classes: the primarily terrestrial Secernentea and the primarily aquatic Adenophorea. This distinction arose from evaluation of morphological characters, such as the presence of a lateral canal excretory system in Secernentea, which is absent in Adenophorea (Chitwood, 1958) . Our analyses, like that of Blaxter et al. (1998) , did not support the traditional split between the two classes. Instead, Secernentea was shown to be nested within adenophorean taxa in all our analyses. Table 5 summarizes some of the key differences between the results of Blaxter et al. (1998) and our analyses. In our phylogenetic 2006 SMYTHE ET AL.-NEMATODE SSU ALIGNMENT 987 hypotheses the Secernentea included part of a traditionally adenophorean taxon, the primarily aquatic Chromadorida (e.g., Plectus) (Fig. 6) . The Monhysterida, represented by Diplolaimelloides and Daptonema, are strongly supported as the sister to the Secernentea (Fig. 7) . This result was also found by Aleshin et al. (1998) in their SSU analysis of 19 nematode species. The rest of the Chromadorida, including many marine taxa, were placed as sister to the Monhysterida plus Secernentea in our analyses. These trees suggest that it was the common ancestor of the Monhysterids plus Secernentea that gave rise to the secernentean lineage.
The origin of animal parasitism is an important question that has been addressed with previous analyses of nematode SSU (Blaxter et al., 1998; Dorris et al., 1999; Blaxter et al., 2000) . Our conservative phylogenetic hypotheses revealed that animal parasitism has evolved independently at least four times, supporting the conclusion of Blaxter et al. (1998) . The evolution of parasitism (animal and plant) is summarized on the condensed MR consensus tree of Figure 8 . The Strongylida, including such vertebrate parasites as lungworms (e.g., Angiostrongylus) and hookworms (e.g., Necator), were well supported as a clade in all of our analyses (e.g., Fig. 5) . A second, large and heterogeneous clade of animal parasites, including Ascaridida (e.g., Ascaris) and Spirurida (e.g., Dirofilaria), was also strongly supported by both full (Fig. 6 ) and reduced analyses and was moderately supported by the culled analysis. Vertebrate parasites of the genus Strongyloides (Rhabditida) were placed by all analyses with panagrolaim rhabditids, but as sister to the insect-associated fungivore Bursaphelenchus (Fig. 6) , and likely represent a third origin of animal parasites. Finally, the only adenophorean vertebrate parasites, the Trichocephalida (represented by Trichuris and Trichinella) were placed at the very base of the ingroup taxa (Fig. 7) , representing a fourth origin of animal parasitism. Trichuris and Trichinella, however, have been noted for their particularly low rate of substitution for the SSU molecule: 0.141 and 0.110 substitution per site, respectively, compared to a rate of 0.187 for Caenorhabditis (Aguinaldo et al., 1997) . Although it is possible that Trichocephalida is sister to the remaining nematodes, the placement of this taxon might also be influenced by lineage specific rate variation. Further taxon sampling among traditionally adenophorean nematodes is necessary to more fully characterize phylogenetic diversity among these groups. Blaxter et al. (1998 Blaxter et al. ( , 2000 and Dorris et al. (1999) suggested an arthropod-parasitic origin for the vertebrate parasites. As evidence they noted some examples of topological associations between arthropod parasites and vertebrate parasites. Because vertebrate parasites were not nested within groups of arthropod parasites, we consider the mere sister-group relationship between arthropod and vertebrate parasites to be inconclusive and find no support for the hypothesis that vertebrate parasites had arthropod parasites as their ancestors. For example, the entomopathogenic Heterorhabditis species were well supported as sister to the vertebrate parasitic Strongylida in all analyses (Fig. 5) , but this sister-taxon relationship does not establish entomopathogens as the common ancestor, or preclude a free-living ancestor giving rise to both arthropod and vertebrate parasites. Additionally, the insect parasite Brumptaemilius was nested within a large clade (Fig. 6 ) that includes many vertebrate parasites (e.g., ascaridids and spirurids) and has as sister other taxa (e.g., oxyurids) that parasitize both vertebrates and invertebrates, providing no clear evidence for the evolution of the host associations among these parasites. The trees of Blaxter et al. 1998 placed the entomopathogenic Steinernema as sister to Strongyloides and Panagrolaimidae, but our analyses did not depict this relationship (Fig. 6) . Mermis nigrescens was the only arthropod-parasitic taxon at the base of our tree, among traditionally adenophorean nematodes. It was not placed with the other adenophorean vertebrate parasites in our study, the Trichocephalida, but was instead strongly supported as sister to Mylonchulis, a predator. Thus, neither our phylogenies nor those of Blaxter et al. (1998 Blaxter et al. ( , 2000 and Dorris et al. (1999) have recovered a vertebrate parasite nested within a clade of arthropodparasitic taxa, a topology that would provide strong evidence for an arthropod parasitic origin. That both arthropod and vertebrate parasites have evolved multiple times from free-living common ancestors is consistent with the hypothesis that certain preadaptations in free-living nematodes may facilitate adaptations to parasitism. These preadaptations include abilities of certain nematodes to thrive in saprophytic environments, such as higher temperatures resulting from bacterial activity and anaerobic conditions (Osche, 1956 (Osche, , 1963 . The addition of more arthropod parasites to the SSU data set would permit more robust testing of these hypotheses.
Our results also suggest multiple origins of plant parasites from free-living nematodes (Fig. 8) . Among traditionally adenophorean nematodes, the free-living enoplid Prismatolaimus was strongly supported as sister to the plant-parasitic Triplonchida (Trichodorus and Paratrichodorus) in our full (Fig. 7) and reduced analyses, but weakly supported by our culled analyses. A second clade of adenophorean plant parasites, the Dorylaimida (Xiphinema and Longidorus) was weakly supported (65% bootstrap value) as sister to Mermis and Mylonchulus by the reduced analysis, but is supported more strongly (90% bootstrap value) by the full (Fig. 7) and culled analyses. Sampled secernentean plant parasites (the Tylenchida, e.g., Meloidogyne) were strongly supported as sister to the free-living, bacterial feeders in Cephalobidae (e.g., Cephalobus). Ultrastructural examination of the stoma of certain Cephalobina had previously suggested this relationship (Dolinski et al., 1998) .
Although many relationships among major clades remained unresolved by the SSU data set, these results provide an opportunity to examine the monophyly of many important groups. The vertebrate parasites in Strongylida formed a strongly supported (100% bootstrap value) clade in all analyses ( Sudhaus and Fitch, (2001) termed "Eurhabditis" (e.g., Pellioditis and Rhabditella). Members of Rhabditida were the most numerically dominant members of our data set, and seemed to show greater topological differences between the full and reduced phylogenetic analyses than did members of other higher taxa. This may have been a result of their relatively high sequence divergence (e.g., compared to the Strongylida, which showed almost no variation even among families) or their greater breadth of taxon sampling. There were conflicting placements for several clades, depending on whether the full or culled data set was used. Caenorhabditis, for example, consistently formed a well-supported clade in full and reduced analyses and was supported (74% bootstrap value) as sister to Diploscapter and Protorhabditis by the full analysis (Fig. 5 ) and culled analysis (77% bootstrap value). In the reduced analysis, Caenorhabditis was instead placed as sister to the "Eurhabditis"/Strongylida clade, and Diploscapter and Protorhabditis were strongly supported (100% bootstrap value) as sister to the Caenorhabditis/"Eurhabditis"/Strongylida clade. This suggests that the sites supporting a sister-group relationship between Caenorhabditis and the Diploscapter/Protorhabditis clade were removed in the culling process. In an analysis of Rhabditidae using SSU (Fitch, 2000) the relationships among these clades were unresolved, but more recent analyses using SSU, large subunit, and portions of the RNA polymerase II gene placed the Caenorhabditis clade and Diploscapter/Protorhabditis clades as sister taxa (Kiontke and Fitch, 2005) . Although removing ambiguous sites seemed to increase the resolution among secernentean clades, most of the additional resolution did not show bootstrap support and may therefore be unreliable. Some of the members of Rhabditida did form strongly supported monophyletic groups, such as the Cephalobidae (e.g., Cephalobus), with 100% bootstrap support for full (Fig. 6 ) and reduced analyses and 92% for culled analyses.
The vertebrate parasitic Ascaridida was paraphyletic in the full analysis as it included the insect parasitic Rhigonematida (Fig. 6) , however, this result was not reliably supported by bootstrap resampling. In the reduced analysis Ascaridida was part of a large and poorly resolved clade that included Rhigonematida and vertebrate parasites representing Spirurida and Oxyurida. Spirurida, including important human parasites such as Dracunculus and Wuchereria, was also shown to be paraphyletic as the spirurid Gnathostoma was placed apart from the rest of the spirurids (Fig. 6) . Several traditionally adenophorean taxa were also shown to be paraphyletic, including the predominantly aquatic Chromadorida, which had members (Plectus) placed among the generally terrestrial secernentean taxa for all analyses (Fig. 6) . None of these placements of Plectus was supported by bootstrap results, however, and its affinities remain unclear. Enoplida also appeared to be paraphyletic, as one of its members, Prismatolaimus, was strongly supported as sister to the plant parasitic Triplonchida (Fig. 7) . Many higher adenophorean taxa were represented by only one species in the SSU data set, such as the predatory Mylonchulus in Mononchida, requiring additional taxa in order to test monophyly.
Utility of the Nematode SSU Data Set
We have shown the nematode SSU data set to be sensitive to the choice of alignment parameters. Both resolution and topological differences were seen in trees produced from different alignments. The removal of alignment ambiguous data serves to reduce the influence of alignment parameters, making the choice of parameters less critical. We advocate a conservative approach to this data set that includes an examination of regions that are sensitive to alignment parameters. We suggest that due to the large amount of SSU sequence divergence between major clades of nematodes, this data set may never resolve deep relationships. The greater utility of the nematode SSU data set may lie in its use within major clades, where alignments are likely to be more robust.
